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NEWLY IDENTIFIED LINES IN THE Ne I ISOELECTRONIC SEQUENCES 


By 

U. Feldman* and L. Cohen 
Goddard Space Flight Center 
Greenbelt, Maryland 


ABSTRACT 

Using a grazing-incidence spectrometer and a low 
inductance, 14uF, 12-17 kV, spark source, the authors 
have observed spectra of Sc xn, Ti xm, and V xiv. 

The lines have been identified as arising from transitions 
between the ground level 2s 2 2p 6 1 S U and the following 
electronic configurations: 2s 2p 6 3p, and 2s 2 2p 5 4s, 4d, 

5d. The transitions of the type 2s 2 2p6 - 2s 2 2p5 4d have 
been observed also in Co xvm Ni xix and Cu xx. 


*NASA-National Academy of Science - National Research 
Council Postdoctorial Research Associate. 


It is generally evident on considering an isoelectronic 
sequence of ions that as one proceeds to higher degrees of 
ionization the number of known levels decreases. One ot 
the important reasons for this situation, especially for the 
very high degrees of ionization (above the 10th, say) , is 
the lack of a suitable source for generating the spectra with 
reasonable intensity. In the Ne I isoelectronic sequence 
energy levels have been identified as far as Zn xxi . Edl4n 
and Tyr^n (1936) treated the following ions; K ix, Ca xi , 

Sc xii, Ti xm, and V xiv. The spectra of Cr xv, Mn xvi , 

Fe xvn, and Co xvm were reported by Tyr^n (1938). Fawcett 
(1965) measured some levels of Sc xii, Ti xm and V xiv, 
Feldman, Cohen, and Swartz (1967) extended the isoelectronic 
sequence to Ni xix, Cu xx, and Zn xxi. Until recently, 
a noticeable gap in the Ne I isoelectronic sequence existed 
for the spectra of Sc xxi, Ti xm, and V xh where only the 
following levels had been identifiea; 2s 2 2p ] S () , 

2s 2 2p 5 3s V , l P‘ l ' , and 2s 2 2p b 3d V’ , 3 d" , 'p" (the 
2s 2 2p 5 3d 3 p 1 ’ level in V xiv not being known). For ions 
below Sc xii , and above V xiv, the number of known levels 
is usually greater. This gap was probably due to the fact 
that the experimental methods by which the Sc, Ti and V ions 
were first investigated (Edl4n and Tyr^n, 1936) were inadequate 
to obtain high intensities in this region. Therefore, only 
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the most intense lines were observed. Later when Tyr^n 
(1938) treated the ions from Cr xv to Co xvm with improved 
methods and identified a greater number of energy levels, 
he did not return to the Sc, Ti and V ions. 

Fawcett (1965) , using a two-meter grazing incidence 
spectrometer and a 600 lines per mm Bausch and Lomb blazed 
replica grating, with a 1/2 |_iF, 90 kV vacuum spark source, 
recorded lines of Sc, Ti and V. He classified three lines 
each of Sc xn and Ti xm, and four lines of V xiv belonging 
to transitions from the following configurations: 2p -2s 2p 3p 

and 2p 6-2p 5 4d. He also reports an additional line in V xiv 
classified as follows; 2p ^-2p 5 3d. His wavelength measurements 
are reported to an accuracy of ±0.02A. 

Independently, we recorded spectra in this region by 
using a modified Jarrell-Ash 3-meter grazing-incidence spectrometer, 
with a Bausch and Lomb 1200 lines per mm blazed gold replica. 

Our source was a 14iaF, 12 to 17 kV, low- inductance condensed 
spark. As reference for wavelength calibration we used 
carbon and oxygen lines, and known lines of the same element 
isoelectronic with Ne I (Moore, 1949, 1952). We have observed 
spectra of Sc xn, V xm, Ti xiv, Co xvm, Ni xix and Cu xx. 

As well as the lines arising from transitions between the 
2s 2p and 2s 2p 3s, 3d electronic configurations, the 
lines arising from transitions between the following configurations 


were recorded for Sc xn, V xvm and Ti xiv; 

2s 2 2p6-2s 2p^ 3p , and 2s 2 2p^ -2s 2 2p 5 4s, 4d, 5d. The 
wavelengths, energies, and visually estimated intensities 
are summarized in Table 1. Term values are given in Table 2. 
The line belonging to 2s 2 2p 6 J So - 2s 2 2p 5 3d 3 py in V xiv 
is also included. The wavelengths in Table 1 were measured 
to an accuracy of better then ±0,005A. For Co xvm Ni xix 
and Cu xx transitions of the type 2s 2 2p 6 -2s 2 2p 5 4d have 
been measured to an accuracy of ±0.01A. The wavelengths and 
energies are in Table 3. 
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TABLE 1 - Classified lines from the 2s 2 2p 6 - 2s 2p 6 3p and 
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TABLE 2 - Energy scheme for terms in Sc xn , Ti xm, and V xiv 









TABLE 3 - Classified lines from the 2s 2 2p 6 -2s 2 4d 
transitions of Co xvm, Ni xix and Cu xx 
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